We calculate the branching ratios for B 0 d → (b 1 , h 1 ) γ at next-to-leading order (NLO) of α s where b 1 and h 1 are the corresponding radially excited axial vector mesons of ρ and ω respectively. Using the SU (3) symmetry for the form factor, the branching ratio for B 0 d → (b 1 , h 1 ) γ is expressed in terms of the branching ratio of the B 0 d → K 1 γ and it is found to be
. We also calculate direct CP asymmetry for these decays and find, in confirmity with the observations made in the literature, that the hard spectator contributions significantely reduces the asymmetry arising from the vertex corrections alone. The value of CP-asymmetry is 10% and is negative like ρ and ω in the Standard Model.
1. Introduction. The Flavor-Changing-Neutral-Current (FCNC) processes which cause b → sγ and b → dγ decays may contain new physics (NP) effects through penguin amplitudes. As the SM effects represent the back ground when we search for NP effects, we shall compute these effects. In doing so, we can understand the sensitivity of each NP search.
The first experimental evidence of this FCNC transition process in B decay was observed about a decade ago, where the inclusive process b → sγ and exclusive process B → K * γ were detected, and their branching ratios were measured [1, 2] . On the other hand, the expected branching ratio for b → dγ is suppressed by O 10 −2 with respect to the b → sγ, because of the Cabbibo-Kobayashi-Masukawa quark mixing matrix factor (CKM). The world average for b → d penguin decays are given as follow [3] B B 0 → ρ 0 γ = (0.38 ± 0.18) × 10 Theoretically, B → (ρ,ω) γ are widely studied both within and beyond the SM [4, 5] . Now after the first measurment of BELLE for the decay B → K 1 γ, where K 1 are the higher resonaces of kaon [6] , these higher states become a subject of topical interest for the theoreticians. These decays have been studied widely in the literature [7, 8, 9, 10] . Recently, the leading twist LCDAs as well as the first few Gegenbauer moments of 1 1 P 1 mesons, b 1 (1235) and h 1 (1170), which are the axial vector states of the ρ and ω mesons have been studied [11] . It is pointed out that these LCDAs are not only important to explore the tensor-type new-physics in B decays but also for B → 1 1 P 1 γ studies.
In this paper the branching ratio for B 0 d → (b 1 ,h 1 ) γ at NLO of α s are calculated using the LEET approach [12, 13] . We follow the same frame work as done by Ali et al. [14] for B → (ρ,ω) γ, because B 0 d → (b 1 ,h 1 ) γ shares many things with it. The only difference is the DA for the daughter meson. As (b 1 ,h 1 ) is an axial vector and is distinguished by vector by the γ 5 in the gamma structure of DA and some non perturbative parameters. But the presence of γ 5 does not alter the calculation, give the same result for the perturbative part. The higher twist terms are also included through the Gegenbauer moments in the Gegenbauer expansion.
At next-to-leading order of α s , B → (ρ,ω) γ and B 0 d → (b 1 ,h 1 ) γ are characterized by the weak form factor and decay constant, plugged by the common perturbative and kinematical factors. With B (B → (ρ,ω) γ) at hand, we can say that the future experiment will check the structure for 
Here, e and g s are the electric and colour charges, F µν and G a µν are the electromagnetic and gluonic field strength tensors, respectively, T a αβ are the colour SU (N c ) group generators, and the quark colour indices α and β and gluonic colour index a are written explicitly. Note that in the operators O 7 and O 8 the d-quark mass contributions are negligible and therefore omitted. The coefficients C 2 , while the coefficients C eff 7 (µ) and C eff 8 (µ) include also the effects of the QCD penguin four-fermion operators which are assumed to be present in the effective Hamiltonian (2) and denoted by ellipses there. For details and numerical values of these coefficients, see Ref. [15] and also references therein. We use the standard Bjorken-Drell convention [16] for the metric and the Dirac matrices; in particular γ 5 = iγ 0 γ 1 γ 2 γ 3 , and the totally antisymmetric Levi-Civita tensor ε µνρσ is defined as ε 0123 = +1. A point to note is that the three CKM factors shown in H b→d (3) and (4) and by replacing the CKM factors (2) . Noting that among the three factors V qb V * qs , the combination V ub V * us is CKM suppressed, the corresponding contributions to the decay amplitude can be safely neglected.
3. Theoretical framework for the B → 1 1 P 1 γ decays. The matrix element for the corresponds to the short distance contributions and it includes the penguin amplitude for the u and c quark intermediate states and also the so-called weak annihilation and W -exchange contributions. There is also some contribution from annihilation penguin diagrams, which, however, are small. For detailed discussion about these kind of topoligies for B → V γ decays and references to earlier papers, see Ref. [17] . Recently it has been shown that for the higher kaon resonances K 1 , the branching ratio for B → K 1 γ has negligable dependence on such kind of annihilation topologies [18] .
To calculate O(α s ) corrections, all the operators listed in (3) and (4) have to be included. QCD factorization [19] is most convenient framework to carry out these calcuations. This allows to express the hadronic matrix elements in the schematic form:
where F B→1 1 P 1 are the transition form factors defined through the matrix elements of the operator O 7 . φ B,+ (k + ) is the leading-twist B-meson wave-function with k + being a light-cone component of the spectator quark momentum, φ (1
is the leading-twist light-cone distribution amplitude (LCDA) of the transversely-polarized axial-vector meson, and u is the fractional momentum of the vector meson carried by one of the two partons. The expressions for these wavefunctions are given in Ref. [8, 10] , where it was poined out that vector and axial vector mesons are distinguished by γ 5 in the gamma structure of the decay amplitude and some non perturbative parameters. The quantities T I i and T II i are the hard-perturbative kernels calculated to order α s , with the latter containing the so-called hard-spectator contributions. The factorization formula (5) holds in the heavy quark limit, i.e., to order Λ QCD /M B . This factorization framework has been used to calculate the branching fractions and related quantities for the decays B → K * γ [20, 21, 22] and B → ργ [20, 22] and for B → K 1 γ [8, 9, 10]. The isospin violation in the B → K * γ decays in this framework have also been studied [23] . Very recently, the hard-spectator contribution arising from the chromomagnetic operator O 8 have also been calculated in next-to-next-to-leading order (NNLO) in α s showing that the spectator interactions factorize in the heavy quark limit [24] . However, the numerical effect of the resummed NNLO contributions is marginal and we shall not include this in our update.
It is shown that the the extra γ 5 in the DA of axial vector meson in comparsion to the vector meson does not alter the calculation, giving the same result for the perturbative part. As for the non-perturbative parameters, the decay constant is most important. The LCDA for b 1 and h 1 meson has recently been calculated in [11] . The transverse decay constant of these mesons as well as the first few Gagenbaur moments of leading twist LCDA are calculated by using QCD sum rule techinque. Their numerical values are given in Table 1 .
In what follows we shall use the notations and results from Ref. [10] , to which we refer for detailed derivations for B → K 1 γ decay. The final state K 1 is also the axial vector meson like b 1 and h 1 mesons. The only difference is in the quark content and we have to change the s quark with d quark every where in the calculation. The branching ratio of the B 0 d → (b 1 , h 1 )decay corrected to O(α s ) can be written as follows [10] :
where G F is the Fermi coupling constant, α = α(0) = 1/137 is the fine-structure constant, m b,pole is the pole b-quark mass, M and m (b 1 , h 1 ) are the B-and axial vector-meson masses, and τ B is the lifetime of the B 0 -or B + -meson. The value of these constants is used from [14, 10] and are collected in Table 1 , for the numerical analysis. For this study, we consider ξ
as a free parameter and we will extract its value from the current experimental data on B → K 1 γ decays because K 1 is also an axial vector meson. This is in anology with the calculation done for the branching ratio of B → (ρ, ω) γ in terms of the branching ratio of B → K * γ by Ali et al. [14] .
The function A (1) in Eq. (6) can be decomposed into the following three components:
Here, A
(1) C 7
and A (1) ver are the O(α s ) (i.e. NLO) corrrections due to the Wilson coefficient C eff 7 and in the b → sγ vertex, respectively, and A
is the O(α s ) hard-spectator corrections to the B → K 1 γ amplitude computed in this paper. Their explicit expressions are as follows:
(µ) and A
ver (µ) are process independent and encodes the QCD effects only, where
sp (µ sp ) contains the key information about the out going mesons. The factor
appear in the Eq. (8) 178 GeV 
where m b 1 and m h 1 are the masses of the b 1 -and h 1 -mesons, ζ is the ratio of the transition form factors, which we have assumed to be the same for the b 0 1 -and h 1 -mesons. To get the theoretical branching ratios for the decays B 0 d → b 1 γ and B 0 d → h 1 γ, the ratios (11) and (12) should be multiplied with the corresponding experimental branching ratio of the B 0 d → K 1 γ decay. It is well know that in vector meson case the theoretical uncertainty in the evaluation of the R th (ργ/K * γ) and R th (ωγ/K * γ) ratios is dominated by the imprecise knowledge of ζ = T ρ 1 (0)/T K * 1 (0) characterizing the SU (3) breaking effects in the QCD transition form factors. In the SU (3)-symmetry limit,T ρ 1 (0) =T K * 1 (0), yielding ζ = 1. We make use of the SU (3) symmetry to relate the form factor of B → b 1 γ and B 0 d → h 1 γ with that of B 0 d → K 1 γ decay which is the only unknown parameter involved in the calculation of branching ratio for these decays. We use this symmetry because there is no experimental limit on the branching ratio of these decays. It is reasonable to use ξ ) symmetry is good for the form factors irrespective of the fact that it is not exact for the masses. Thus in present analysics we use ξ 
To calculated these values we have used the experimental value of the branching ratio of B → K 1 γ. One can eaisly see that there is very small difference between B 0 d → b 1 γ and B 0 d → h 1 γ branching fractions, and this is due to the slight change in the hadronic parameters of these decays.
The SU (3)-breaking effects in ρ and K * form factors have been evaluated within several approaches, including the LCSR and Lattice QCD. In the earlier calculations of the ratios for B → ργ and B → K * γ [20, 26] , the following ranges were used: ζ = 0.76 ± 0.06 [20] and ζ = 0.76 ± 0.10 [26] , based on the LCSR approach [27, 28, 29, 30, 31] which indicate substantial SU (3) breaking in the B → K * form factors. There also exists an improved Lattice estimate of this quantity, ζ = 0.9 ± 0.1 [32] . To incorporate the SU (3) symmetry for these axial meson decays we have plotted the branching ratios of B 0 d → (b 1 , h 1 ) γ decay with the LEET form factor which is presented in Fig.1 
CP-violating asymmetries.
The direct CP-violating asymmetries in the decay rates for B 0 d → (b 1 , h 1 ) γ decays are defined as follows:
.
Before we go for the numerical values of CP-asymmetry, let us discuss the difference in the hadronic parameters involving the b 1 and h 1 mesons. As these are the axial vector states of ρ 0 and ω mesons so these are also the maximally mixed superpositions of theūu anddd quark states: |b 1 = (|dd − |ūu )/ √ 2 and |h 1 = (|dd + |ūu )/ √ 2. Neglecting the W -exchange contributions in the decays, the radiative decay widths are determined by the penguin amplitudes which involve only the |dd components of these mesons, leading to identical branching ratios (modulo a tiny phase space difference). The W -exchange diagrams from the O (u) 1 and O (u) 2 operators (in our approach, we are systematically neglecting the contributions from the penguin operators O 3 , ..., O 6 ) yield contributions equal in magnitude but opposite in signs[for detailed calculation please see [14, 17] ]. If we use the notations and expressions given in Ref. [17] , the LCSR results are: ǫ The explicit expressions of these asymmetries for the charged axial vector meson in terms of the individual contributions in the decay amplitude can be found in Ref. [18] , which for A dir CP (b 1 γ) and A dir CP (h 1 γ) may be obtained by obvious replacements. The calculated values of the CPasymmetry for the above mentined decays are summarized in Table 2 . The CP-asymmetry recieves contributions from the hard spectator corrections which tend to decrease its value estimated from the vertex corrections alone. The dependence of the direct CP-asymmetry on the CKM unitarity-triangle angle α is presented in the Fig.2 . It should be noted that the predicted direct CP-asymmetries are rather sizable (of order 10%) and is negative like ρ and ω meson case. It is quite unfortunate that the predicited value of CP asymmetry is sensitive to both the choice of the scale as well as the quark mass ratio z = m 2 c /m 2 b used in the calculation. . Then we have plotted the branching ratio with the LEET form factor which is the only unknown parameter involved in the calculation. It is shown that the corresponding to the range of SU (3) symmetry breaking parameterζ , 0.76 ≤ ζ ≤ 0.9 the value of the branching ratio 10 6 is 0.4 ≤ B 0 d → 1 1 P 1 γ ≤ 0.7. Therefore in future when we have the experimental data on these decays we will be able to extract the value of form factor. Further we have also calculated direct CP asymmetry for these decays and find, in confirmity with the observations made in the literature, that the hard spectator contributions significantely reduces the asymmetry arising from the vertex corrections alone. The value of CP-asymmetry is 10% and is negative like ρ and ω in the Standard Model. Thus the measurement of CP-asymmetry will either overconstrain the angle α of the unitarity triangle, or they may lead to the discovery of physics beyond the SM in the radiative b → dγ decays. 
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